SUMMARY A transparent grid for estimating peak Vcf directly from the echocardiograph recording is described. Estimates so obtained were compared with peak Vcf measurements made by an echocardiographic digitising technique and with the angiographic ejection fraction in 13 patients with normal left ventricular function and 17 patients with impaired left ventricular function. No patient had angiographic segmental wall motion abnormalities. Significant linear correlations were found between peak Vcf derived by the simple manual technique and peak Vcf determined by the digitising technique and also between peak Vcf derived by the simple manual technique and the angiographic ejection fraction. Peak Vcf derived by the simple manual technique was found to be a reliable predictor of ventricular function, being more than 1-4 circumferences/s in 11 of 13 patients with angiographic ejection fractions .55% and less than 1-4 in 14 of 17 patients with angiographic ejection fractions <55% (sensitivity 82%, specificity 85%). Thus, peak Vcf is an echocardiographic index that can be estimated rapidly and accurately without the need for digitising equipment and is well suited to general clinical use.
The echocardiographic peak velocity ofcircumferential fibre shortening (peak Vcf) has been proposed by several investigators as a reliable index of left ventricular performance, "-7 and recent reports suggest that it may be a more sensitive measure of left ventricular function than other currently used echocardiographic indices.36 The major limitation of peak Vcf, however, is that its measurement requires an X-Y digitiser and a programmable computer, devices that are expensive and not readily available to many echocardiographers. The general clinical use of peak Vcfhas therefore been limited. It is the purpose of this report to present a simplified and inexpensive method of estimating the echocardiographic peak Vcfand to validate its accuracy by comparing the peak Vcf so measured with the peak Vcfdetermined from the echocardiogram bya digitising technique and also with the left ventricular ejection fraction determined angiographically.
Methods
Echocardiographic studies were performed on 30 *Supported by a grant from the Ontario Heart Foundation. tDrs Boughner and Paulsen are Ontario Heart Foundation Research Fellows. Received for publication 19 December 1980 35 patients undergoing diagnostic cardiac catheterisation. None of the patients had arteriographic evidence of significant (>50% stenosis) coronary artery disease or segmental wall motion abnormalities. On the basis of their angiographic ejection fraction (EF), the patients were divided into twogroups. One group consisted of 13 patients with normal left ventricular function (EF>55%). This group included seven patients with chest pain syndrome but no evidence of organic heart disease and six patients with minimal valvular heart disease. The second group comprised 17 patients who had evidence of impaired left ventricular function (EF<55%) and included four patients with congestive cardiomyopathy and 13 patients with valvular heart disease.
ECHOCARDIOGRAPHY
Echocardiograms were obtained using a Unirad, Series C echocardiographic unit equipped with a Honeywell 1858 strip chart recorder. Patients were studied in the slight left lateral position with the transducer positioned in the fourth or fifth left intercostal space. The left ventricular minor axis diameter was recorded by directing the ultrasound beam just inferior to the mitral valve, and recordings were made at a paper speed of 100 mm/s (Fig. 1 We elected to make this last calculation manually rather than to use the computer generated first derivative of the displacement ratio: time curve (Fig.  2b) as has been described by Gibson and Brown.2 We encountered difficulties in the reproducibility of the latter because of the sensitivity of our computer program to minor irregularities in the initial curve. This noise was generated by "hand shake" when the operator was tracing the septal and posterior wall echoes on the digitiser board. This produced erroneously high peaks of velocity on many of the first differential recordings. Such irregularities were easily compensated for by the tangent method giving good reproducibility.7 For each patient, peak Vcf was obtained in three beats by this technique and the average was used to provide the final digitised peak Vcf estimate.
CALCULATION OF PEAK VCF BY SIMPLE MANUAL TECHNIQUE
On examination of a typical computer print-out of the left ventricular minor axis diameter displacement ratio versus time curve (Fig. 2a) , we see that as the minor axis diameter decreases the slope ofthe curve is steepest during the first two-thirds of systole and that during this portion ofsystole, the curve approximates a straight line for about 140 ms. Thus, the rate of diameter change reaches a maximum (or peak) soon after ejection begins, maintains a maximum rate of change during mid-ejection, and falls off later in systole as cavity size diminishes. This is confirmed by analysing the corresponding computer print-out of the time curve of Vcf ( Fig. 2b) , which shows that with the onset of ejection, Vcf increases rapidly to its peak, maintains a velocity close to that peak during early systolic ejection, and then falls off during late systole. In addition, visual inspection of a left ventricular echogram (Fig. 1) shows that the maximum rate ofrise ofthe posterior wall endocardium and the maximum rate of descent of the septal endocardium occur during early systolic ejection. Therefore, it is not necessary to measure Vcf throughout the whole of systole to obtain an estimate of peak Vcf. The peak rate of change of diameter can be established easily and rapidly by measuring the left ventricular minor axis diameter during the first two-thirds of systole at two points 100 ms apart. Dividing this peak rate of diameter change by the end-diastolic diameter then provides the normalised peak Vcf in circ/s.
In the present study, this simplified technique of estimating peak Vcf was performed in the following manner. By placing a transparent 8 x 10 cm grid directly on the left ventricular echocardiogram, the left ventricular diameter was measured during early systole at two points 10 mm apart (Fig. 1) . At a paper speed of 100 mm/s this 10 mm interval represented 100 ms. Thus, the difference between the two measurements represented the change of ventricular diameter in that 100 ms ofsystole when the diameter was changing most rapidly. When multiplied by 10 this value provided the simplified peak rate of change of diameter per second.
)
Dividing this value by the end-diastolic diameter (again measured using the grid) provided the normalised peak Vcf in circ/s. Since all measurements were performed using the transparent grid, it was not necessary to correct for magnification on the echocardiogram. Thus, peak Vcf=(DIE'D2)Xl circ/s (Fig. 1) , where Di and D2 represent sequential measurements of left ventricular minor axis diameter 100 ms apart during midsystole and EDD represents end-diastolic diameter. The peak Vcf for each patient was taken as the average of peak Vcf values derived from three beats. When estimating the peak rate of diameter change from the echocardiograms, particular care was taken to obtain measurements at a time during early to mid-systole when the velocity of motion of both the septum and posterior wall appeared to be at their maximum.
REPRODUCIBILITY
Measurements of four successive beats in eight randomly selected patients were carried out by two observers independently in order to establish the beat to beat and interobserver variation in the peak Vcf calculations by both the digitised technique and the simple manual technique. One way analysis ofvariance indicated good reproducibility as evidenced by a coefficient of variation of less than 5% for the digitised technique and less than 8% for the simple manual technique. Four patients had repeat echocardiograms performed one week after their initial study and peak Vcfderived by both methods did not differ significantly between the two studies. Thus, reproducibility did not seem to be a problem. Peak Vcf derived by the simple manual technique was found to correlate well with both peak Vcf derived by the digitising technique (r=0'93, p<0 001, Fig. 3 ) and with the angiographic ejection fraction (r=0-92, p<0001, Fig. 4 ).
Discussion
In recent years, it has been shown that echocardiographic peak Vcf is a reliable non-invasive index of left ventricular performance'-7 and some authors have The simplified technique for measuring peak Vcf that we have presented relies on establishing the rate of change of left ventricular minor axis diameter for a 100 ms period during early systolic ejection. This approach could reduce the reliability of the peak Vcf estimate if the 100 ms portion of systole selected for measurement does not actually contain the peak rate of diameter change. Previous studies analysing the time course of the velocity of diameter reduction during systole, however, indicate that the peak velocity is invariably achieved during early ejection in both normal and diseased hearts."''' Precise identification of this portion of ejection when the velocities of both the septum and posterior wall are clearly at their maximum is facilitated by recording left ventricular echograms at a rapid paper speed (preferably 100 mm/s).
In conclusion, this report has presented a simple, inexpensive manual technique for estimating peak Vcf echocardiographically. The method offers a practical alternative to the more elaborate digitising technique previously described. group.bmj.com on January 7, 2018 -Published by http://heart.bmj.com/ Downloaded from
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